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:^im=F:m(^mm^^zm^^titi±mi:mbLx . m 

m^^^-y y rmimtm^izm^-t^jimb . 
mimmco. m^mcif^^timmizA^. xh^^yn^ 

^<^SIlOTgLh*S- tad J: 0 . i^yffil^iajxb-:? 
^i-^)Vm:^^hlMt ^^h:ib ^msLt^hu 

[it^«3] a«Oit>'N'«y7r/iS-:frLTIIlMM-fli 

^^<yyTmi:memnzm^-thj:m}i. 

■ir/l'fig^^-l^-SIgi: ^^-^^ ; ^ ^ItSfc-f SHIM 

Kne^N'-y 7 rmtrmiim^izm^-t^jimt . 
^ii^^mco^m^izm^^tif^mi^<'y y Tmt:m 



mms] ^±^z^^yy Tmt:ifttxiimmit 

mie^N'<y y Tm^mumnzm^-t^jLmt . 
B-iia^N'-y y Tm±iziummmimt-^mmf^t:W3 
\^^^^^i^^ji'^^^^x$m^i:m&-r?>xm 

mil nis^^mjMt^¥^mi*:<^Mm^ t mt^^ -y 
yrmt B<jieafiRafflc7)ij.-^r< t t-at^ »j o , fries 
WM\,zmm I i]^M-fi:%^-fc-^^f*c<7)mM^Ji i: fir 

^^i^^m(r>mMi,zm^^tifzm.j<.^y y Tm±.<r> 
1 1 mm.immt-^^w<7^mt)mizii 

^^mi)^y^mziim^^tix\,^'k\>^^^t ^m^-t^n: 

msimm(r)W^mmi:mt^'^x\,^^u^^iz. jm x 
y^mm-^wco^m^izm^^tifzmmi 
Mit^m\:-^^i^cr>M^m^%mmktx. frieii 

'^i^<^mmi}^ys.^izimfS(.^tix\,^^j:\.^mt: t 
mfii(r>mMi3mizii\,\x . 

J^^^m<^i}f^<bt-&(7)siL^mt:mit^it m 

^i''^'yyrMi>'mizim^$ii^\,^m^im§^m 
Mizmm-^mm^mTmb . 
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tad J: a, ffil&t^«35ri»Ixe:?dfi^^;l^fi£^$^l,X 

•y 7 r JlioSir^l I I]B|g<t:!fS!IiK^t-^i|i^«c<7)#ifefi 
HfriE^N' -y 7 r Ji*<3t:5i-(:^m§^lT C^'5rV>g|5^i-5- is 

i i: sr!^si: -Ti. 1 1 imm-fmmit-^mmi^ 

B.Jie¥?tS$r®^t$ii:TV^:5rV^aj^<7), j^^] Xhy>( 

Cii9*^10] ««Lhfc>'\'.y7rJi$':rt't-CIII®eM 
miy\ -y 7 r JI5:flinea:Ktjg^-f §XSi: , 

izm^-thxmt . 

mam 1 «OIIIJ!^«i^^l:-^i|£^«ca®<7)ii'-=5r< t 



i^<i*&^ ^^c^S4^®coB(fiem 1 01 1 1 mm-imm^it 
^^i^i. mi^^-yyTm(o^mmimit^it^&^ 

ISh ?:^-ri> 1 -rs II IJ^S-ftife^^b-^ 

[fs^Ji 1 1 ] m^m 1 Jbmm^ 1 0 cov ^-m** 1 

iitie«c7)ii lmmim^t■^^^mi^<7)mk1Jm^zx 

[ m^m 1 2 ] m^m ijb^m^m 1 0 o v 1 
mztm<7)ii mmitmmt-^^UiCDmkyTmiz i 

0IS!jiL/iHinBIII]!^>fl:!|j!>^[i^i|i^f|c«<7), 
l6]XfrJ'dri^-vyP^;Rt/v:g|5:«-OjJiJc, M'SrSIIIfil 

[ft^Ji 13] fs^Ji 1 jbsmim 1 o</)\^-nii}^ 1 

B&^SPI^t- S ^ i: C J: "3 . Mieil I^KS^kiBiii^i:-^ 

^«c^«srf#sc i: imLb-i-hium^mmit-^ 

[000 1] 

■^'mmwcr>mk-)fmi>zmti,. mz. mii^^\^^^ 
i^A-znK* (ELO) m^^m^^h. in^immt 
■^^^wco^-)mm/izu\^itmm.-^^ 
^^^miimmmmt^^a^mmzm-t^ , 
n\mmmm\L-^^mwb\i. mx.imH. ca 

InN(7)J:a5r27C^, Al,Ga,..N, Al,In,.,N, Ga,ln 
i-,N (^^T^^.tO<x<l) OJ:3^:37C^. Al,Ga,In 
j.,.yN (0<x<l, 0<y<l. 0<x+y<l) ^AjUk^^ 
ML^C— ^^Al,Ga,Ini.,.j,N (O^xgl. O^y^l, O^x 

•CJ4 . -mzmt^^xx m 0 , i iim^^mt-^m^ 
m¥bmd^\i^ B^mm.iv>m.h^\mnm.\,z'rhti 
>i>(^-^mmifi K-r $ titzmmmimmt-^i^nm 
iiiisA,ti^b-r^. 

[00021 

^3(m^b L/c^. mtx^-? \-)vt^mm^(=^<7^ 

tlTV^I,,. ^^i^ 'ecO^N>K=Jr^.y7'*i^V^^c46, fl&<?5 
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^A.I,zmmtlX\,^i>, t^. tS(As)Sr±B£:a-i:LT 
[0003] 

J:mmm^i^mmyj[^ immizmmirf^) izn 
ii-r s nmm&x'h *). n imm-immit-^imi^^ 
izvficw mmcommitiiismtx ttot\.^o mmi}^$> 

mt:m±Mtx'mm-th. Mzj:K)miif^m^cr> 
m<r)^mim'Ft tx h . xmzx 'om-=Fi>'m.-t?> z 

m^X'»>r>i:i. 

[0004] z.tiizr>\^x . m 1 scrti^^mx-mm-t 

miaii. mu9ib. ■^<r>±^zm!S.^iirc^'i'yy 
Tm9 2b. wiz^<7)±i,zm^$titci I immimmt 

•^¥^f^®9 3$-SIL3tfeOT'S)5. ^9 IbLX 
(4-9-:^ r-f r^i:\ j<-y yrm92b LXltmitTfU^ 

'>A(AlN)<^y\'.y7rJi9 2{4, -^-^r-f TS^9 1 

I mm^m^<t■^^^il^m 9 3bco^xyH ^yhi:m 
m-t6mx'mifi^tix\>^^t<7)xhitK ^tix-i^ 
nm.cr,m.iob-rtzbiiX'^^\<\ zcDmrnn^, 
9oo*»ii,. mfjf^ (mmt,zmmijf^) izMmm&9 

-^f:^^^^lc«9 3$■isv^TvK. zoLx. um 
mitmmit-^^mm 9 3 ojjitc, pm(^m^ i 

txo.b-thb.u mmmsm.'^wmwm 9 3.0 
^McsL/^igfi9 0 2*^4., 'mimi'^Mmmim^ 
Mi,zmyjmzimix\<^<zbb^6, zcoxoiz. m 

UiiLcr)im^mikx'^^\,^b\'>o^mi!f'h'yfc. 
[0005] ^^mii±m(r>mm^mmt^tzi!bizy'j:'^ 

f'^^iimm-(mmt'^^^i^i:mitttzb xh^. 

[0006] 

^^^^^iiziim<^^B^ii. m^izmmm'fmj^ 



<^w^ifmizts\,^x . m^mm(r>c!^''^< b i,~^im 
*). mmiz^m^mi'ThJMb. afiK<^), w\(>ti^^^ 
-otimmizA^. ^h'y^y:^itm'^mcr>m:m^z 
m^^tifz±mt:mb Lx. mm<^uimm.-(mj^it'^ 

^nmb-t^, 

[0 0 071 ttz. it^2lc|B«<0^HJ«4, S^i; 

^<'yyrmiirLxnmm^mmt-$tm^»t:^^ 
^^?> nmm^mm■{t■^^^i^<7imm■^^zh v ^ 
X. mmmm<D^j^^< bi,-^im^\ m^mizfrn^ 
^if^jMb. ^<^yyTm^mmizmm-?>jimb. m 
mco. wii^tLKcij'-^fzmmizjm. ;^^9^T*u?.{4^s 

"^^^com^izm^^titz^-^'yyrm^^bLX. m 
■ti.xmb 2rW-ri>C: b ^mSLb "T* . 

[0 0 08] m^msizmmco^BMii^ mm:.{z 

^^^inms.itmmt^M^wcomm^izii\>y 

X. mmmm(r)'>^j:<bt~^iw\'r)^ ^^Bt^gns- 
iSftsxgfc. ^-^yy Tm?:mm.^zm^-ti>xmb . 

-y y Tm±lzuim^itm^it-^m^ii:^Wtf3i^a^\:: 

^^^>^fi'm,-M:^^xs^m^mi:mm-&jLmb. 

^^(^W^WiZ^^^ixtz/'^-y y rmk.<r>\ I \mm\L^ 
Wc^liimm<r>W^^m^mb LT, SfMcoiIlSsM 

[0009] m^A^zum<7^wm. wb±.\,z 
^■ti>u mmimmt^m^mii^commijmiztj \ ^ 

X. J<'yy rm^mL^zmm-^xmb . ^^i'yyrmb 

ms.mm<o^>^j: <bi> -Mmi 0 . m^izj< -yyrm 

<7)m^^ixfz±Mb . ^^^yyrm<^m^^tiX\,^^j:\.\T 

mi.zm.. r^i^iit^^com^^mizm^^ 

tit:J-<vyrmi:mb LX. mMcDUlWMimJh^t-^ 

[ 0 0 1 0 ] m^5izim<Dmmi. mR±iz 
^<>y y natr-fttxiiim^mmt-^mmm^^ 

^^^nimmimmt^^mi^(7ymm^izis\^ 
X. j'^-yy rm^mmi>zmm-^xmb . A>y7r®± 

^^^^xm^^^mm-hTMb. mmmMnJk 

\^-^^^<r>^^^^mb>^v y rmbmm^(ryyii: 
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fi(jco*^^BiiSj/^N'</ y rm<m^^t\.tz}jkt .III 

[0011] ^i^. ff^6 (cie^cTj^B^ti. S:K±tC 

\m^^^^mm^^ . 1 1 iSi^-ft!|?aiK'fb-^^i*c<o 

[ 0 0 1 2 ] t/c. i«*^7 tcie«j<7)3%Bjii. «fi^±i: 
'^'±h\im'mmm.-^mm^cmmm.zii\\ 
yyr mfMeit\.z\tjm^t)yj:\ ^u^-k w^^m^zm^ 

y rmti^1tWzm^^fitzW>^iL . ^-^-v y rmiJ^ycMz 

itm^^wcomm^izmm^iitz^i^y y rm^mt l 

[ 0 0 1 3 ] . m^ma i^zMmc^^mn. mm±iz 
^^hnmm<mm,-^^i^<^mMi3mizti\\ 

t-i>^ffiMaxgi;. ^^'vyTmi:m^t,zm^t. ^^-y 

y r^i^yCMzmgi^ixtzU^t . ^N'-y 7 r Ji*^3E^^lc 
!i?^^$fiTV^^V^gp^fc^jgfig-f^XSi:, ^N*-y7T 

'^^^^'i/^izm^^titz^-ii-izummitm^-ft'^^ 



m^i^<^m^^m^m.tLx. mm(7)iumm-fmj^ 

[ 0 0 1 4 ] tJt. ii^]S9JciBmo3^HB{±. «fl^±lc 

y rmt:ifi-bxuimmAmmit^^^m^-M: 
^■^h uimBmimc-^^^f^<mw3mizti v ^ 
T. j'^yy Tmt:mRizmm.-t^Tm.t\ ^^'yyrmm 

imm-^mmfmjimt. ^mm'S:m{t^-tx\y^\^ 

a. «f&ix«i^r&ixir:j'de>'^;i/fig^$.ii-i,xgi:^^r 

[0015] tti. m^mi oizMm(7i%m±, 
izju y rm^ift tx ummm^At-^m^miii^^ 
^^■tiii immimmt-^<mmi*i<7)mk:f}mtzt3\^ 
X. ^■^'yyrmims.izm^-ttJLmt. mi<7)um 
mimmt-^^i^ -yyr m±.^zmm-i>xm 

^^i^<r>m^^ifiytmziim^^fv^j:\^u^^m^ 

}^^. X h 5 >f y':^ltm'^mcr>^Bcr>m 1 CO 

nmm-(tmit^¥mw^mb lx. t^2<ommm 

[ 0 0 1 6 ] is^i 1 i,z3dM<r>m^\i. imm 
1 nmm^m i o <7^wrt^.-i}> i mizimcr)! i imm^tm 
mt-^^mi^com&yjmizj: *)mMLfziummim 

ii-(o±Mizm&^tLti ztt:mLk'ti>i nw^itmi^ 

[ 0 0 1 7 3 i^c, 1 2 iztm<D^mii. m^m 
1 Jbmm^m i o ov^-rfi*» i miztm<7)i i i^im 

m-r^zbizxmii>ii?>zt^mit-ti>iummit 
^?hAt^mw^m^x'S> h . 
[0018] ttz^ m^m 1 3 \.zim<r)^mt. mim 
1 Tjmmm. i o ^-fii*> i mztm<7)\ i is^M-ftiHi 
m.-^w^mw<m^-mi<.zmtx. m)5\«\x.}::^^i. 
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[00 19] 

[0020] Cii^JIl, 2. 3<m.m:micr> ia) 
iOiplc.a^iSr.xh^'f T^{i1S^l^^<r)S4fc 

mT. HIO (b) coidt:. >'N'-yr'rJi23&^ ± 
1 cOS^<r)J:gBt;jgfig§^X§g|j^2 1 irSHO 
TSB{c?^J«$ixSge^J-2 2 i:*^^>^Si©^^iMBJ-r 

[002 1] ElliO (b) CDia^. ^h5^7-4^X{± 

®(:?^Bg§*i^a5^i-2 1 tfrncoT'^m^zm^^tii^ 

^2 2 i:7&><^.^:S.'^'.y7rJg2*:gEi: LTIIIJ^-ftiBj 
-frS. -fSi:. 01 (c)<7)j;at:. SHOTSffitcj^ 

^§tt7tvs*'y 7 r « 2 2 *><b^*-r s 1 1 immitm^it 
^m¥^mm 2A*siis:a46s«5{c, siio±gMicj^ 

<iisJMt-^M^iii 3 1 *«g^±:^^s d s ^ t 
fil:^rfij^*§m(f, 0i<o (d) oJ:dtc, S«?iOS 

10022] z<r)t^. ^<7)TScoi£S(cj^^$^yt 

>'-x'-x7t;12 2*>4>«i:ftr[6j{:xh-^'=Jfj/-v;u^j^-rsil 

I ^immt^^i^ 3 2 T-fi^^^-r 

S J: 0 KIIO±S®tC?gfiK$tt^>'N' "/ 7 r ® 2 1 *> 

m^i^ 3 1 *>'[6i*>v ^-^ 0 mmco±mm^' ^ co«l:^f6ix 

Z.ti)<X'^^, Z^m-k. Ell<7) (d) cr>Xdizmm<0 
J£aDtC?^*K$^U:yN'./7rJg2 2$-1^i: tTfig^RLTtll 

i^s«iK<(i^^^3 2<7)i$.^m^m-miziii6z 

ll<0±SBtcm$iiJtyN'>y 7 rJi2 1 Sr^^i: LTfig^ 

^bTfcO. ^^'-y7rii22*»A,^iH■4SilI(g{2{^^: 
OSPTity? J^>ix S C t i: 35r . 
[00 2 3] <?:ic. HIO (b) iOia^rS^^lcoSM 

<s *si<oaii(7){ia5(-,t)^N'-y7r;i*^^$tisj® 
■^$-ii2-ciKHB-t-g,. HI (a) mm. sfiiis-M-5T 

SUS-m-rS (02(^ (a) ) . m2<0 (h) <r>Xd 



sficico, ^<7)±mm. ^<7)T$m. Rx/^mcDM 
mizm^^tiiJ<"/y rm2t:mi: Lxuimmim^ 

-tht. 02 (c) <oj:o(3, w^T^m. m/ 

it-^flmmw3i}'^m.^im>h 1 1 uz^ mm(^±mm 

'mmm.i>i^i:mmizm^i-i>, zzx-mm 
<Dmm^>(^ J -^i^iz^^-t^ b iimM(7)mm<r>m^ 

l3J^(^^^t:md. -t^b. micr> (d) coJ:dl,z. ^ 

•ti>iutmitmmt-^!mmmbX'Lib(;>tih, s 
mmmc^^^y y Tm2i}>^mj3\^^^-thummit 
m^it-m^i^ 3 <7)mm<^nimm±^m(mm(^ 
^iji^X'h'o. mm (±&mRx/mm) *^4>i^:*-fni 
i^fEisf s nmmiiLcom^mibx'j'-^ < ^ -s , 

[0024] i<7)i: # , ^(OT^cDmmizm^^tltz 
^ N' >y 7 T « 2 *>^>i{:S-l6j{CX e 1 1 1 

mm'fmmit^^mi^3tii!^co±^tx'm.^-th i 

Ot, ailc7)±S®iC?^^$n/iyN'>y7ril2A>/i>fll:)^ 

f^izani^^i^^fu^.^'t^uimm.^mmit-^^ 
■^Ji'^^mb'^m'i:fj^^\,\:^ (oi±\ mM^mnbtz^ 

1 1 i^-fbii^^-ffc-^^^f*: 3 ±glJtc:{4Sll<7)Sffi 
fc:}Sfig$it^>'s'«y 7 r ® 2 A»ii>eiS8-rsMiiSgffi{4#L 

<WJ§ix, miifiXB:M^j:m^mmb-t^Zbi}iX-^ 
I., -rcoit-^, ia2c0 (d) <OJ:3tc^c7)Wc5gfi£ 
^tifc^^-yyrm2^mbLX^^Ly::Uimm.im^ 

'(t'^^fiii3<o^^mimmiztii?>zb^<^mb l 
T«§ c t =5:1. . 'tco±mimm<r)fmcr>±mmizm 

^t&$n7^.v^' -y 7 r a 2 $r1t i: LT J^:RL;t 1 1 Itm^m 

Mit^^mi¥3(r)^mm<o^i^^±tXii *) , >'N'>y 7 
bb^£h 

[00251 iM(mtm\m-y5^:t.\f:^^i,^)v^:^ 

m'^mmc^w^mw.m3 i*m 1 1 - 2 
0 } m^n.msm)j^<r>^^mb-^h t %^^\,zmc^ 

m^ffi<:Oij'-53r< b { 1 1 - 2 0 > fficoi^^ft 

Ttf^v^. fil:^rinixe:?«^i^A'/u^K:^®{4iiif^ 

m^mmit^mmiiimc^ { 1 1 - 2 0 > fflizm^^^i 

[0 02 6] l^LtcOXo^Zbli. ^<yyrm^m-\t-f 

i>zmmzw.m:j^\i'i$'^i^^}um^-rh uimmims^it 
•^^mwijjjfflT'ts. cms-US fc^-r. xflRi 

S-moTS^Sr^fiKLTttO-^ (Il3i0 (a) ) , mm 

mimmt-^^i^ 3 ^mRx/myrmm^ $ it ( h 3 

^0 (b) ) . SMc7)±g®{cjg^$fxsg|5^coiII®IM 



'(7) 001-267242 (P2001-26HI8 



Srsa (ia3<7) (c) ) . tti. mAiiZTjk-rxoiz^ Ji 

'y7r®2 (SIIO±SO>'N*.y7r®2 1 kSHiJDTS 

SaJi3 2) S-J^^LT (I14C0 (b) ) , g||<0±S 

ZtLT^t (04c7) (c) . (d) ) . 

too 2 7] Ci»^JR4. 5^05^0^:! I15C7) (a) iOj: 
ate, ^l±tc>'N'«/7rJ12S:?gBg-ri., iXtcESO 

(b) <0J:3JC, >'N'-/7r/i2i:S«cl*B'J'5, SUS^ 
iSttl.. c:c-c®5to (c) coidfc. iiisis-fii?$j^ 

^l:^¥#«J3 1 t:±iZJ<^y y rm2t:i^t LXMRV^ 
^f6jxt^^i/A'/PfiK*$-ttl). 125(0 ( c ) TtiS 

#c3 20Xt:^'^v'^;^fig^:^,^ieCl^;ti^S.^L.■^V^ 

i^A';p«;g-rsiir]^'«i!|«!iJi^'fl:-^!i?i^f4c3 2j&iSII 

> ^' >y 7 r « 2 ^> «I:^[&I{CX f^- ^ A-^W^rRf 1 1 1 
l^-fb!^m-fl:-^i|%^f!|s3 1 ;^<[6i;(,>V>-&d®IIO±gH 
4> OfilSriSix tr A- /I'lR:^® i: -^firf I, V ^ 

^*3 1 ±gCt;(iS^c7)il5H*^^,fEii-r-I.R5i!!gfil(41rt 

Z<^^. m5(^ id) <r>J:olzl&mcr)mmi>^^^ 

iztii^^t^j:<^mtLX^i;ibt^j:l. ^co±mi 

Mm<o^mco±^m^zm^^tifz^'S'y y r J12 ^ist t 
-^m^^txa^. ^<yy r m2t^t:,mm-i>nmm& 

[0028] 

nimm.imih4t^^i{^mf^m3iifi < 1 1 - 2 

<7)fig:R®iOii'-^< i:>±gp$r {11-20} Mcott^ 
T{f^v\ ^iSr, «rfr|6ixt:5'dfj/'-v;l^^:^®{illlgj 
M^l:il?ji^fc^iBji|i##aco {11-20} g5{=is^$fi 

(00 2 9] aetc^f iptc, >'N'-y7r;i2i: 

III^^l:%^^li^!|f!|iJi^^fc(^)*i(Saa3 1 S-JgfigLT 
me<7) ( a ) ) , g^^J^fi^t (I16<0 ( b ) ) . S 

HSrSditi-Ctl. (laeco (c) , (d)). 
[00 301 Cil^6, 7. 8<O5&HBD07CO (a) 
a«l^Stc0iJ;e.{i'x-yf-y:/^ Sfilt^i:* 
{w J: 0 Hitirz^j^A L . WxX v h 
9 ^ r^^ms^;|^^oa^^® t J: a tc-TI. . .1 i 



'i^Aizm^^tihy<'yyTm2 2iimmi,zi^~^t^^m 
A«T#-f , s.-o^^^sLmam^'^ (07co < b ) > . ^c: 

twi I li^-fC^Jam-ft-^iBjiii^flcs S-ajat^«tfiritfix t 
Jgfi^$ii;t:VN'-y7rJ12 1 ^^b tT#^fBii*>'3Iv^a 

r®2 2?:t,«i*-[6itCjK^-fSii;-CSoTVK (07 

O ( c ) ) . M{CIIISiM^l:!H!im<[:^it£^#:3«0^ 
t/f«i*-(6jxf^#>'^/l.fig^5:i^(t5i:. aK^O^A^ 

m^Aizmm^tihJ<'yyrm2 2ii. i.i,zmm<omi 

X\>^^\,^m^t.zjB^^tit:J<'yy rm2 1 ^^b Lxm 

:^i6ix e df yPBK:^ L 7t 1 1 1 mm.immt-^^m ' 

f4=3*i^^JcSdc:i:t^S. iot^. ^fflc^m^t 
^^Aizm^^tih^-^>yyrm2 2ii^(^<DmJj\^<0Mm 

[003 1 1 08«^ (a) Oidt;. S«[iaBtC0!I;t 

t . V ^gp^^ix hy-( y':^i±m=F^m<r,S, 

^mb^j:^ioiz-t^. mmi ±{za^^^=3i-i^^jU^^ 

b. xmcomix\^^j:\,^^'!^izm^^titziumm'(m 
mt-^m^^mms i bimt. mm<DmLfz^^Ai,z 
mmti^ II mm'tmrnt^mmm s 2 immi,z 

(b) ) , umm^mmt^m¥^ii^3^mm/myj 

\^^^'^^i^^JUm.^^■\t^^nX'x.\;^^i^^'JUmJ^ 

-fl:!f«J^^l:^!Bj^#cJi 3 2 ±IB5{4 . V ^ 

'5rV^aJ^{=J^fiK$ix;/iIII®5g-fk!^^^b-^#^f*c3 1 

Sfk«!i^-ft:-&!ii4^«s3 2;&»<s,<^iffif:Jrr6i<oKjiisfi{4, 
-?-<oJi:firt«|:^rffiixe^'df v-A'^Ufig^tcJ: om§tt>t 
iiliiM^ii!fe^^ll^!fei^«c3 1 {^tifglSL^v^c: b b 

[0032] Mtcti, ia9<^J:dtc. I170j:d=5rlll 

i^-fLl^il^-fk-^^tt: 3 CO 1 a<^Si2ilXSI:^[^xh-^ 

7 Til 2 1 ±{ci ii®i^-ft;!|?5^^-fi:-^!}jj4i 

mm^mmt^^^m Komm^Bm^rmb txiu 

^itm^t^^m2t:m&i/mijj^m^^?> 
::bhx^h, 

[0033] Cif^^9. lOcn^m^miOcDXo 

iz. mRnz^<-yyTm2i:m&Lfzcr>ib mi OCT) 
(a) ) , ^<Dmm^:c'y^y^^ mmt^izxommt: 
mt^-t (HI oco (b) ) . iumm<m^it-^m^ 
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^*3 5rJS{Sl/«l^rf6ifi£^$itTi^v^ mi 0(7) 
(c). id) ) , tfz.milcoXoiz. mLliZJ< 

'yyrm2tuimmitmm:-^^ii:m3 1 i:mm 

Lti<7)io mi 1<7) (a) ) . ^crmm^^u^/^y^f^ 
ff*S#{cJ; OafflSrS^tS-tt (iai ico (b) ) . ill 

tmWSl (c) . (d) ) . v^-f^it, 

^Mmmm¥\im Ltzmmtr^-r^ uim^it^j^it-^ 
r 0 0 3 5 J iMicoxuTn^tifzuimmimmt-^ 

11). 

[0036] ^sicDxmx^^i^ixfcummimmit^ 

«12) . 

[ 0 0 3 7 ] ^ ±Mi<7)xmx''i^(>titziummim 
j^it^m^mm,zti}'xt' h m^m 13) 

[0038] 

[||Hg<7)^<7)jg®] ®17!;Mll8fc:2js:5|B3(Oiiigjg 

V^WS-^LTl^S. a«?lS-r>fv'>'^^L-CSIIS:Jg^ 
L (010 (a) ) , J^-yyrm2^mWLLX (SlO 
(b) ) . IIII^M^tife^-fb^^^^jlaj^rJijX 
t:?^S^^r;l.fig;fe$Ht^ (HIO (c) ) . Slo 

m^zm^^Ktzj^'v yrm22 ^w^t Lxim\^^-^ ■ 
t-s 1 1 i^immt^m^wm 3 2 ^^shitsa^i, 

Wz. ^(r>±.m.m\<zmiSL^ixtzJ<"y 7 rJi2 1 SrtSi: 

LT^si;f«^ri^^:gt- s 1 1 im^mimc^wma^ 
®3i*<sii«o±i[5^soia^^$^s. lai^^ 

(c ) X'im-)j^x.\::^i^i^^r)i^^^ij!^l^f I 1 1 
-2 0} ffiT'^)l.^-^2:j®^L-Cl^l)*^ :*:^Bj{ifig^ 



S®fcJg^$iif^y\'-y7rJi2 1 LXWz\ni^^ 

^«j3 1 i>z\imm.m^9m^tu:imm:m^-r& 
micTiid) ) . 

[ 0 0 3 9 ] ia2tt»« 1 COSHdOMiStC tys'-y 37 r ® 

nx'hh, 

[0040] SStiSfel tcy\'.y Tm2i:m^Ltz(7) 

'yyTm2t:mb Ltzm^mmmzj: <or^ i^yy^tt 
jtSM^aa (05<o ( c ) ( d ) ) . 02c?) 

(a) i7)y^5/y;/<r)itii:gg§(i, ±^c7)J:3tcSllcO 

•y7r«2 1 ^mt Lxmmm)i\^m.m^mmm. 
tfimtii {11-20} mThhm^i:m^Lx^^^ 

[0041 ] 07li. mRlcommi:M(^Lfz<7)ib^<^y 

yrm2t:mm-hmm<7)mmxhh, mm<7)mifz^ 
^p^<7mmmi. wxtzw>^A±.\,zmm.^Ktz. mm^z 
%-^r#^ 'rK-o^simm.im\ vn- .y 7 r ® 

®2 1 ^mt Lfaiu^immt-^^ncsii^mR 

lX«i:6-|6lxe:5^^5^^/UBg^t-CSp J: 3^^$^^ . 
[0 04 2] MQM. mii<r>m&iMt>Lti(r>-hiu 

h, mm<7)Wrifz^^A(7mm\i. mifzw>'i^K±.\,z 

mm\^m^immt-^wm¥fi3 2±.^. ^<7m 
^x\^^J:\^^^l,zm^^fltz\llmm.^m^^■^^m' 

[0043] ±.m.(7>^m<7)mm<r>imt lxm^ »:<7)«*» 
[0044 im±i,z\ummmmt^^^t:m 

ikmi^mm-h^\t^ WSSLt LX\i^y r^r 

[0045] mmMmw^^-^^mnfimmm-h 

:fjmtLXmW^W^^^m (MOCVDXiiMOVPE) 
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ntLK^i)<. ^'i'mnms&^m (MBE) . ^^^^ K^^g 
(Halide VPE) . mM^m (LPE) ^SrfflV^T 

[0046] mx.it-tyT^ rmi^±i,zumm{mm 

yIni-,-yN (OSx^l, O^ySl. O^x+y^l) , iO^i 
L<{iAl,Gai.,N (O^xgl) **fflV>/J,^iS. doVN^y^ 

V ^, -y 7 Tm(^mmmi . 380'-42ox:io{s^-cm 

-ri.t<0-Ct^<. iStlOOO-1180'C<7)^fflT\ MOC 

^mnnt lx. uT-^^^^yxj^-y^miiZii oain** 

5tAl,GayIni.,.,N (O^x^l, OSySl. OSx+ygl, ffl 

{ciSvN'.y^rSfi:. 2(X)-600'CTtfd<7)*<M*LV\ 
§ ^liZmi^ L < {±300-500'CT'^) 0 . $ /^tCMS L < {'i 

ll^«feS"fflV%;t^-^tC{i, J^'yyrm<r>B^i± 100~3 
OOOAA^MiLv^, §4>(cMiL<{4. 100-500Aj&iM 
^L-<, StlliL<{4. 100-300A-C^>.|., « 

m^^mi. ^^ yyTmtm^^nimsimmt^ 
'mi¥mti:immtLx. ^mmmm^Lf^m mm 

^^^^^'^^^\^^^mt^?>mtLx. miMim 
^mi)ij:*)mtu\ 

[0 04 71 ^N-.y7ril. <t:^I^xe^dfi^^/l.^^c7) 

7i(xDy{B)^ ^vyyMTDxst^mi.xh. tti. mm 

t'Xv^(Bi)T!l#«ltTt*%Bg5:||«W(C5iffli:'i 

t^(As) Sr^t'SriMIlMg^kij^^^li^i^jifi^^^-^^^ 
l,Ga,.,N (Ogx^l) iz. TJU^=i^A(M)^ iJ'^)^J^ 
(Ga) i 0 1 il^ili^cO;^:^ ^r>f ^'i/'^^A (in) , X{4^ 

^^is^ofefttc J: ht^^^<r)\m^?i-^mm?f-x'm^ 



^i><nimm^<7)iiS.^zmMl,zx?>t:if>^ pMi^a^r 

0 OJbm 1 0 0 0^<^ 1 SStCiT'Wi. c: i: t-C'# 
S'fl:!H5^^-fL^#^f*c027cj^, ^L<{437C5RS:MV^ 

[0048] ns<oi I immimimt^m^mi^mt:m 

m-t?>^lZti^ nmPf^mmb tX.Si. Ce. Se, Te 
^._pmT-mmtLXii. Zn, Mg. Be. Ca. Sr. Ba^II 

X'ijM\fK 

[0049] fit:5-|*i]xe:?^i^A';p«:^t Lximmm 
[0050] fil:5-f6]xe^:^f LT{4. m:^ 

M'fmmit-^mmi^eo { 1 1 - 2 o > t*? • 
[005 1] x-y^^-^j^-f^^ti^ u^tmcT^mm:^^ 

SI:^l*Ixe:?^£^^ryPfig:K{= J: J: d teg 

[0052] m^izmm-r^ 1 1 isia^tiHiji^-ft-^ife^ 

K*^'ni:^'f[:%^-f[:-^i|i3»#;Bcr)aH ( {11-2 

0} H) X{4mffi ( < 1-1 00 > M) tTfffc^^i 

^mx'h^, ^rfe, m^k. ^ff^i/z^ ±iBxh5-fr 
^<^m(^^^mx'i:>^u, m^immt-^^ 

«cJi<7)a®tLf (1 1-20) B^-fitS-ffijxe:?^^^' 

I;^-fli%^l:-^!I?ji|i^f*:JicOmE-C^>l> (1-10 
0) StcSitt-^^. 0!l;t{fSfiR*-9-7 r-frcT) aMX 

®»-^S<^T\ Mz-^h^xy^i^yy^m-. 

mmm<^ { 1 1 - 2 o j mt-mrrhztimt l 

[00 53]x.yf-y^vxi?{4. ^^^^(SiOa). M 
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[ 0 0 5 4 ] X.y ^yj5<^-ri,^{i^Btt'f h'- 
AJi-y^y^r (RISE) *tM*U^*^ ffiScOX<y-f 

[0055] ±9i<^'m.mmiiiL<mm^titimmi^-ri, 

^^ii^mm.'f^wtm (mqw) , 
(SQw) cnm. T^^mm. ^fnm^. y 

[0056] SiilSfiiOjIII*(J$tl7t®lS^:§-f 

[0057] 2t:^fl3c7)jiffli: LT. ^jiaatcj: OSii 
S . 0iJ;i{»^ajcr)i»^« 1 -pi^n-^A<r^mzi. 0 

[ 0 0 5 8 ] JJiT, ^BJoftfifce<,^|^g,jj;^^^,^gj 

B^-ts. mm\b LT^^^s-feff *i^Bj{iT 

[0059] *^BJcOIIIi^^l:!fj,^^^i|i^flj^^ 

^(S^S^t^ife^ffifiK^^ (J^^y TMOVPEj h7T^-t) \,Z 

iS')-^L. (Ga(CH3)3. J-IilT riMGj tlE-f) i: hU^f- 
/l-T/WS-^A (A1(CH3)3, TTMAj fcief) h 
^iZ-^A (In(CH3)3 - lUT riMI j bit 



5H6)2. WT rCPzMgj fclB-T) Xhh, 
[0060] cm 1 ^SiMD ira?jfe?taT>mMa(c J: 0 

t, Ha^rlOL/min, NHs^-SL/min. TMA^20A£mol/min-C*!; 
3^^«*& LTAINCO^N' .y 7 r « 2 Sr$!?40nintfOff § {c?g^ 
Ln:, ^^'•y7TJg2{4«^l(r)|J||^7)±{c±Sffii:igB 

[0061] mz^ vyr-^ TmMi cr>iUMi: nso'ciz 

^J^L, HjSrm/jBin. NH3 S-lOL/min, TMG$r5/imol/min 
t^ALT. «iatXfit:&r6lxe:5'.dfi^-r;P^*tcJ:OGa 

ms^rm^Ltz. z<7)m^ ±izBM<^±mmizm^^ 

(c) ) . H2 2:20L/min, NH3SrlOL/inin, TMG 

SrSOO^mol/minT^AL, GaN«3 lOjumO 

m±.-n\.zmm.^ixt;:U^\i^ ^co±mm±.ij\,zm^^ 

[0062] cm 2MfeM: *«Sfe?^ai;ffSi«^tc i 0 
Ltc a ® SrJEffii: L . imik<r>^y r ^ TW^ 1 <r> 
}SJS.^AWCbL. HzSrlOL/min. NHaSrSL/mih. TMA^20 
u«>\/minXm^imm^hXMm/^^/ y r«2 $:$«j40n 

05<7) (b) ) , 

[0063] ^yT-^rmuico^^w^'ciz 

U^L^ H2$:20L/inin, NH3 $:10L/min. TMG^5^mol/min 

x-mxLx. msa/mn\^:^\::i^^>'^)v-m.^izi.*)Qs. 
ms^m^tti. neon. Mz^a^±jm\.zmm,^ 

tlfzy<^ 7 r « 2 1 /i>c7)g|:^[S]x tf i^-^)]^jS.mz 
X ^^t^mhix. m.mi}<^^b^j:->tc (05C7) ( c ) 
Rtf {.d) ) , HcrXDh. H2$r20L/min. NH3^10L/mi 
n. TMaS-SOO/imol/minT^At, GaNJiSS-fig^g^l*-, 1 
0//mOii[$i:L:t. GaNJi3c7)^ 1 c7)^§10//inOg 

[0064] Cms^ifi^HD *«?Jfe^aiX#!i«Mt:J: 0 
Ltd a ® $r±® i: t . sm^ncrt^y r -f 1 * 
^it^ ^yt'-Ax.yf-y^ (R I BE) ^fflv>f^^ 

t-. L. HjS-lOL/min, NHj^SU/min, TMA 

S:20/zmol/niin-C'$>j3^^^J&LTAlN(7)yN'.y 7 r Jli $■ 

2 2 i:^iiT=5rV^gPt«-2 2T'asc7):E;j;oy_jj,.'g;5. 
-oit mi<r) (b) ) , 

10065] »:(c,Hf7r>f TS«? 1 (ry^^vmciiz 
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^WL^ H2 5-20L/inin. NH3 $-10L/inin, lWi^5umlMn 

(d) ) . Z(0-P,^ H2 2r20L/iidn, NHgSrlOL/min. TMG$> 
GaNJi3 Sr^^RS-^:, Sjulbk^W- 

[0066] m4mmm:i *i^0iT'{i, m 2 ^oj: 

i&T^itX. H2^10L/min. NHgSrSL/ain, TMA^20//mol 
MnX'm^m^^LXmiC0Mm2 1 1 $-^40nni(7)JI? 

mz. ■9-:^r'fTaS^l<7)iajK$-l000-C 
tCffiftL, H2?r20L/min, NHs^lOL/min. TMG*300/xmol 
MnX-mXt. ^mm.3Mni<7)GAm2 1 2^JgBgL- 

»:(=agS:400"CI:-C'ffiT§-frT. Hj^lOL/min. NH 
3 ^5L/min. TMASr20/xmol/niinT-*«j3^J-^^ij!& tTm20 
A1N«2 1 3 ^mOnmCOm^lzmfSLLtz. Z o LX. m 
mmOmCOmicr>Am2 1 1. M/S*<j0.3;uinOGaNJi2 

1 2, J^*«j40niii<7)||2i7)AlNJi2 1 3*>/i>^fisaiiyi 

2 0^?^fiKLyt:. 

c 0 0 6 7 ] mz^ m2mmmtmmiz. i^yif\,z 

0"CtC«J^t. H2S:20L/niin, NHaSrlOL/min. TMG^Sxtmo 
l/mnXMX L . GaNJl 3 ^«:6r|6ixe^ J^A'yPBg:^^: 

L/min. NH3 SrlOL/min. TMGS-BOO/ZBol/minT^AL. Ga 
N«3S:fig:R§-»i-, GaUms^lOuaCDm^ttfz. GaNJl 

30. ^yr^rm^ico^^^ioumio^mcomm^if 
izm^^titzmit. mM(o±Rm±-^izmis.^tifc^ 

^<'ZttLxmmmii^^L<9\it(;>tit:. 

c 0 0 6 8 ] cms mmm: m i njiMi: mmzm^ l 

tir;x.^\±iZ^ mi 3<7)J:o^U—fy^ yt—\^ (L 
D) 10 0i:<9:(OioiZtXm^Lfz, fit. GaN«3 
OJ^^OIS^, i.yy (siHJ S-^ALT, GaNJi3S-i^ 
'Jay(Si) K-rc7)nSGaN*-/i>^§;ifcU^, 0 

^mibX\^^m(r)Ga!Hm3^mitX. '^XAIOOO 
i: is® L . -e-iXJ^W'l-tOGaNJi 3 S-GaNJf 1 0 3 i: iett-T 

[0069] m&^^^-ty r >f rS«R. Mm-h^ 



1 0 0 0 i: nMGaNJi 1 0 3 fc. i^Otl y (Si) K- 
riOAlo.o8Gao.92N;&»/i>^^n:?'7-y Hill 04. 
ay (Si) H-r<^aN*»/i>jRS n;y-^ K« 1 0 5 . MQ 
W^gaicO||3feS 10 6, V^^;^•^T>A(Mg) \<-y(7XaH 
iJ^h^hp:^'^ HJil 0 7, V:/^-.i/'^A(Mg) K— ^'cO 
AIo. osGao. 92Nj&»^^I.p:J'5 -y KBl 0 8, Vr/^t-i^ 

(Mg) h'— T<!DGaN*»io^S p3>^:?^hJii09S: 
Jl^lSUv:. <*:l-p3>:5'^hJil()9±(C^(Au)*»<i,Ji& 
^««il 1 OASr, 2SOGaN«i:nMGaNMcO-^fi-3g 
OGaNJl 1 0 3 *i®aj-r S * -C'-gSx -y^yVLXT/U 
$-i>A(Al)*»(?,^SI|SSl 1 OB^Jg^tT^i. CLCOi 

afcLTj^figuci/— rr-f^-H (LD) itm^m^ 
[00701 cmemmm:} m i nMMi: iii^tc^figL 

t^r7:us±iz. mi4<^i:o^m:r^:t-}< (LE 
D) 2 0 0S:»:OJ:dl3LTJ^BgL7t:. (iU, GaNJl3 
(SiH4) ^^ALT, GaNJl 3 ^ix 
y:iy(Si)H-7-OnMGaN*>/i>fiKSMi:L/c, j^, 0 

irimti-htiib. mm^^-ti>^yT-(Tmmitm 
^co±ism&x/msi,zm0.^titi/<:'y y Tm2Rx/m^ 

S:a*^TV^|,gP:5J-cOGaN;i3$-ef-tirT, n7X>'N20 00 
t Mm, L , -^-tU^jyhOGaNJl 3 SrGaNJi 2 0 3 i: Umt 

[007 1] -9-7r>f T*^, AlN*><?>fiK|,A.y7r 
Ji, SIIS-a46|,GaNJi7!?>/i>fig^'>XVN2 0 00i: nMG 
aNJi 2 0 3 ±tC, U p ^(Si) H-rOAIo. osGao. g 2N 
*>^^5ni!'9'y h'J12 0 4, 5l3fc^2 0 5, 
'^A(Mg) K-r<7)Alo. o8Gao.92N*^^,fig§ Pi?5 .y 
2 0 6, V^;^^"^^ (Mg) K-Tc7)GaN3&^^fig^ p r7>' 
:^':^' ha2 0 7 SrJg^L^t. mzpayyi^hm207 
±(:^(Au)*»/i,^R|,^fii2 0 8AS:, GaN^i: nMGaNJl 
c?)2S<:0GaN«2 0 3«*SSajt-«>iT'-gPX'yf->';rL 
T r/l' S - A (Al) /i>^R S flSi 2 0 8 B 5: J^fig L . 
iCOJ: e LXm^Ltim^y^ :t- H ( L E D ) {iS 

[0072] cm7^siiM: ^mmx'ummt ixz^ 

U3y(Si)SflK^fflv^>t:. v-U 3^(51)^3 0 1 ^x 

-y'f-y^^iiZii'omioMm. mmioum. ^$io/<iB<oxh 

^^ri^tcx.yf.y^LJt. <J:t:5^yn;y»«i3 0 10 
?a^$:1150'C{Cfi^JfL, H2 $-20L/inin, NHa^lOL/min, T 
MGSrSAtmol/min, TMAS-0.5/zmol/min, ti2:ffMzXK)^ 
S?$iXJt7tj/'5y(SiH4)S-0.01xtiDol/iiiinT'tti^L, 
U3>'««i<^)®|K7)±S®, mm. -K®*»<i,n-Alo ,BGa 
o.85NJlSrliSlX^[*]^^$-tf/-, ; 3 LT±JC±S 
®S-Ki:-r^il^-[Slxl:r^;^rS/^;l^^^tCj: 

mmi}^'f'iBtKi:'^tz<D-h. H2SrlOL/min, NHg^lO 
L/min, TMGSrlOO^umol/iDin, TMAS-lO/znwl/min, Hj;!^^ 
ICcfc 0?fe«?$il/.:;t>'7y(SiH4)$-0.2x<inol/niin-C^*& 
t, n-Alo.i6Gao.86N®$-^:S$-fr, 3/zm<0iI$i:L 



'i • 
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fc. i^T. i^V^ymms 0 1 i:n-Alo. isGao.ssNSS 
0 2 Sr^-fr-Ox^NS 0 0 0 ts^Mt^, 
[0073] ±si<OJ: d lzf;x.j\3 000 {^*qrf 
^i^U3>^3 0 1 i:-eo±(Cjg^§tlfv:n-Alo. igGa 
o.86N«3 0 2 ) ±tc:i^U3>'(Si) H-r<7)GaN*»ifig;|, 
n;«r^ H®303. MQW|ijto5B\yi3 0 4. 
i^'>A(Mg) H-r<OGaNA»<i>jS&pXr>f HJi3 0 5. ^ 

>y KJl 3 0 6 , V^^x^-T^i, (Mg) H-7-«0GaN*^ii>Bg|, 

3 0 7±tC^(Au)*><i>figSmffi3 0 8Ai&, v-Un^S 
S3 0 immi>ZTJl'^-^A(M)i}^^m.tmM3 d 8B 

:t- K ( L D ) 3 0 0 am^Fm^Rx/^^mt^^ l 
[0 0 74] cmammm:i^mi&mx'i,mmtixi- 

V:aymm3 0 1 IcmSix/vin-Alo. igCao. 86Nil3 0 
2i:|«I^lc. SII^^«.i^U3>'S«[4 6 Ifc-e-i^i 
Izmi&^tlfCTi-klo. isGao. 86N®4 0 2mx>'N4 0 0 
OSrfflSL. ^«4 0 3. V^^^>"^A(Mg)H-7-cO 
Alo.i5Gao.85N*»'c.^«>P^'5>x HJg4 0 4 ^'JgfiaL 
7"^. »:tCp:?7>y F«4 0 4±(:^(Au)3&><J,f£|,^|i4 
0 5ASr, i^UaymWL4 0 l^lzT)\^^-^J^m 
i)^(i>^^mm4:0 5Bt:m^Ltc. ZiOXoiZtXm^ 
L^Sl 6<0^r-f^-K (LED) 400i±m=m 

[0 0 7 5] Cx.y.f-yi/co^^D tit. I117{±, S 

^j:^^u^^m^-thmi'hi> . mn<r> {&) 

TJASJ^fKLT^V^ mi 7C0 (a) T14, ft*lcOSM<7) 

gP^tCI^LBmgP^B) {43fg<7)®^^:s-r^. 01 
7co ( b ) -CJi:, ft4^c7)g||co±Ktc*^t. K^^Dlg® 

B) liSfgcOBoSt^irt-S. 
[EB<0®#:5:ljiBJ] 

[01] 2(s^Hj«oii 1 cr>mmm\,z^ s 1 1 ii^-ftii^^-fb 

[03 ] 2|s^BJc7)m7co||MWc^-S>III;^-fb!t«ii;^-fli 

[04 ] :m^Rmm\\wmmimc^w^mw<r>m 



[05] *^J(^ll2<7)||{SCR|j3'^SIII|^-fl:!|%^|; 
[06 ] *%HJOS'Jc7)II.I]Kg^bil^^i}i^flS<7)ig 
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